• Greene 1 ' 1 ' more than 60 years ago (1902) reported that the systemic heart of the California hagfish (Eptatretus stouti) is free from all nervous regulation and therefore must be aneural. This conclusion was reached mainly because he was unable to change the rate and force of the heart beat by electric stimulation of the vagus nerve and of various parts of the central nervous system. Augustinsson et al. 3 in 1956 reported similar results in the hagfish with vagal stimulation although a decrease in the pulsation rate occurred with prolonged excitation. They were unable by dissection and histologic technics to trace nerve fibers from the vagus nerve to the systemic heart or to the portal vein in the hagfish (Myxine); neither did they observe ganglia or ganglion cells in the myocardium. These investigators, however, observed in the heart of Lampetra, a closely related cyclostome, ganglion cells ranging in size between 5 fi and 13 /*. They described chains of these ganglion cells along the edge of the muscle trabeculae of the heart, especially the muscle bands near the main channels of the ventricles and auricles. Ganglion cells, singly and more widely separated but connected by long processes, were distributed along the loose meshes of myocardial bands elsewhere. This system of ganglion cells, the authors stated, is continuous throughout the heart of Lampetra. The cytoplasm of the ganglion 212 cells, they recorded, had argyrophilic granules; the cytoplasm stained a light lavender.
Jensen 4 also reported details of myocardial structure in the heart of the hagfish as seen in sections stained with hematoxylin and eosin and in sections examined with the electron microscope. He described granular subendothelial cells which he designated as secretory and possibly having an endocrine function.
Recently, 37 the reactions of the heart of the hagfish to increased venous inflow have been cited as evidence that this "aneural" heart obeys Starling's law of the heart both in vitro and in vivo. Photomicrograph illustrating fibrous epicardium with a ganglion cell (A) and a muscle trabecula (B) with sinuous nerve fibers and their fibrillar branches in the systemic heart of the hagfish.
INNERVATION OF THE HAGFISH HEART

FIGURE 2
Photomicrograph illustrating portion of a large nerve with large and small mijelinated fibers and a small ganglion cell, in close proximity to the systemic heart of the hagfish. A much larger ganglion cell was nearby in this nerve.
Augustinsson and associates demonstrated by chemical assay the presence of "catechol 4" in the cardiac tissues of the hagfish. Catecholamines in the cardiac tissues of higher vertebrates such as the dog and the rabbit have been related to functions of cardiac nerves. The presence of catecholamines in some species appears to be dependent upon the integrity of the cardiac innervation. The content of catecholamines in an aneural heart, as is assumed for the hagfish, is presumed to be related to the chromaffin cells in the myocardial tissues rather than to postganglionic axons. Since catecholamines have been demonstrated in the heart of the hagfish a re-examination for the presence of nerve tissues seems appropriate.
Methods
Three live, full-grown California hagfish were obtained from the Pacific Bio-Marine Supply Company of Venice, California. The pulsating
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systemic heart with some of the contiguous supporting tissues and other structures were removed from each. The hearts were fixed separately in Zenker's solution without acetic acid for 48 hours. They were embedded for sectioning by the double celloidin-paraffin method and the blocks were sectioned serially. The sections mounted on alternate slides were stained according to the Gomori trichrome procedure; those on the slides between were processed by the silver-reduction method described by Nasser and Shanklin 13 and then superstained by the Gomori trichrome. Some sections were stained with hematoxylin and eosin. The reduced silver method has been used to demonstrate nerves and terminal plexuses of fibers and fibrils in myocardial tissues from many vertebrate species. S1L> Hearts from six other hagfish were excised, blotted free of blood, weighed, and frozen at the temperature of dry ice. These specimens were assayed for catecholamine content by the method of Crout et al. 14 Oxidations were carried out at pH 4.9 to insure that the epinephrine as well as the norepinephrine content would be included.
Observations
The myocardium of the hagfish, as recorded Photomicrograph illustrating a smaller nerve with myelinated fibers and a ganglion cell, in supporting tissues, about the systemic heart of the hagfish.
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by others, has narrow and broad trabeculae and interwoven bands of loosely arranged elongated primitive muscle fibers with cross striations and oval vesicular nuclei. Slender trabeculae extend into the chambers of the auricles from the endocardial edge ( fig. 1) ; similar trabeculae, of much greater complexity and more highly branched, protrude into the chamber of the ventricle. This trabecular arrangement resembles the structure of the heart of the salamander. The ventricle of the hagfish heart is continuous with a thickwalled aorta. Endothelial cells cover the trabeculae and line the recesses in the chambers of the heart. A fibrous epicardium ( fig.  1 ) extends over the external surface.
The histological technics and combined staining methods, as described, demonstrated clearly the presence of nerve structures in and in close proximity to the heart of the hagfish. A large nerve trunk containing large and small myelinated fibers as well as large and Photomicrograph (hematoxylin and eosin stain) illustrating cords of ganglion cells near lining of ventricle. 
Photomicrograph (hematoxylin and eosin stain) illustrating clusters of ganglion cells in adventitial tissues of aorta.
small ganglion cells (fig. 2 ) was present in tissues in close proximity to the ventricle. Branches from this nerve trunk also had these structures ( fig. 3 ). These nerves associated with ganglion cells are comparable to those found in the epicardial tissues at the base of the heart and in the interauricular septum of vertebrates, including rabbits, dogs, and man. These nerves with ganglion cells, and their proximity to the tissues supplied, are believed to be vagal.
Another system of large ganglion cells associated with granular argyrophilic fibrils was distributed along the outer edge of the aorta and extended into the ventricular tissues ( fig. 4 ) of the heart. These ganglion cells were in groups in the marginal tissues of the aorta (figs. 5 and 6) and along the endocardial edge ( fig. 4 ) of the main channel of the ventricle. They were present singly (figs. 7 and 8) but connected by bands of fibers in Photomicrograph (silver stain) illustrating groups of ganglion cells and associated argyrophilic fibrils in adventitial tissues of aorta.
the deeper recesses of the ventricle and the lining of the auricles. These cells, bands, and fibers in sections processed by the silver-reduction method were blackened (argyrophilic). Ganglion cells were present also in the fibrous epicardium ( fig. 1) .
The silver-reduced preparations also demonstrated a plexus of large and small, coarsely granular fibers and their fine granular fibril branches distributed in the bundles of myocardial bands and on the trabeculae of muscle (figs. 1 and 7-9). Many of the granular fibers were straight or curved; others were sinuous. The fibers and fibrils were arranged along the surface of the trabeculae or extended between and around the muscle fibers in the larger bands of tissue. This plexus of fibers and fibrils in the heart of the hagfish is similar to, if not as extensive as, that which has been demonstrated in the hearts of fish and of some amphibians. The plexus in the myocardium of Circulation Research, Volume XIV, March 1964 the higher vertebrates, especially of the mammals, is highly complex and abundant.
The hearts submitted for chemical assay averaged 153 mg in weight. The catecholamine content ranged from 81.6 /*g/g to 164 /ng/g wet weight, the average being 122.9 ± 33.5 /ng/g (table 1). Over 99% wasepinephrine. Similar analyses were carried out on cardiactissues from rabbits and dogs. The catecholamine concentration in hearts from the hagfish was almost 50-fold greater than that in cardiac tissues taken from rabbits and dogs (table 1) . Photomicrograph illustrating argyrophilic cells, fibers, and fibril branches along the edge of muscle trabeculae and extending through myocardial tissues of the hagfish.
Catecholamine Wet Weight
FIGURE 8
Photomicrograph illustrating similar argyrophilic structures in other portions of hagfish myocardium.
FIGURE 9
Photomicrograph illustrating the plexus of coarse and fine granular fibers and their fibril branches in myocardial tissues of the hagfish.
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Summary
Large nerves with myelinated fibers and ganglion cells were demonstrated in proximate relationship to the systemic heart of the California hagfish (Eptatretus stouti). A system of ganglion cells with fibers is distributed along the aorta, the epicardium, and the endocardium. The myocardium has a plexus of coarse and fine argyrophilic fibers and fibril branches similar to, if not as extensive as, that which occurs in the hearts of fish and amphibians.
These details of anatomical structure contradict the original statement by Greene that the heart of the hagfish is aneural, a conclusion which he derived from his inability to obtain a change in the rate and force of cardiac contraction by electric stimulation of the vagus nerve.
The high catecholamine content of the cardiac tissues of the California hagfish (Eptatretus stouti) is verified. Over 99% was determined to be epinephrine.
